Ecological Overview of Musquash Estuary:
a Proposed Marine Protected Area

R. Singh, M.-I. Buzeta, M. Dowd, J.L. Martin, M. LeGresley
Department of Fisheries and Oceans
Biological Station

531 Brandy Cove Road
St. Andrews, NB EBB 219

August 2000

Canadian Manuscript Report of Fisheries and
Aquatic Sciences 2538

g=  Fisheries and Oceans  Péches et Océans (15

| Canada Canada Cmada '




Canadian Manuscript Report of
Fisheries and Aquatic Sciences 2538

August 2000

Ecological Overview of Musquash Estuary:

a Proposed Marine Protected Area
by
Rabindra Singh, Maria-Ines Buzeta, Michael Dowd*, Jennifer L. Martin and Murielle LeGresley
Fisheries and Oceans Canada, Oceans Branch
Biological Station

531 Brandy Cove Road
St. Andrews, New Brunswick, Canada E5B 2L9

'Fisheries and Oceans Canada, Science Branch, Biological Station, 531 Brandy Cove Road,
St. Andrews, New Brunswick, Canada E5B 2L9



© Her Majesty the Queen in Right of Canada, 2000,
as represented by the Minister of Fisheries and Oceans.
Cat. No. Fs 97-4/2538E  ISSN 0706-6473

Correct citation for this publication:

Singh, R., M. |. Buzeta, M. Dowd, J. L. Martin, and M. LeGresley. 2000. Ecological overview of Musquash
Estuary: a proposed marine protected area. Can. Manusc. Rep. Fish. Aquat. Sci. 2538: 39 p.



TABLE OF CONTENTS
INEFOTUCTION ...t e bbbttt b bbb bbb 1
BACKGIOUNG ...ttt bttt s e bt et e bt e s bt et e e st e ebe e b e eneesbeebeeneesbeenbeas 1
F Nz B 101 0] 110 (o]0 AP STURTTRRPRPRN 2
(@ ToT= T TaTo o[- To] 1) AR 2
Water quality - nutrients and CONtAMINANTS ........coouiiiriieiiiie e e 3
Plankton and fiSh TArVAE.............ooiiiiiie e 4
Y TS AT =ToTo] (o] YO R URPRTTRUTRRR 4
Intertidal and DENENIC BCOIOQY .......coiiiiiieiie et 6
BITOS .. b bbbt bbbt ne e 7
TErTESLIAl PIANTS ...ttt et e ne e sae e e e re e nbeenee e 9
SUMIMAIY .tttk ettt ekt ke e ekt e ekt e e Re £ ekt e e Rt £ 2 b e e 2R b £ e ke e e R b £ e b e e e Rb e e nbe e amb e e beeenbeenaneabeennnas 9
ACKNOWIEAGEMENTS ...ttt sttt e b e esreenbeentesseesbeebeas 9
RETEIEICES ... bbbt 9
I UIES. ettt ettt et e e e et e et e et e e R e Rt e te R e e eRa e ae e Rt e Re e teenteaRe e te et e nreenreenee e 11

A o] 0T a0 3 G SRS 33



ABSTRACT

Singh, R., M. |. Buzeta, M. Dowd, J. L. Martin, and M. LeGresley. 2000. Ecological overview of Musquash
Estuary: a proposed marine protected area. Can. Manusc. Rep. Fish. Aquat. Sci. 2538: 39 p.

Musquash Estuary is located approximately 20 km west of the city of Saint John, New Brunswick. It was
recently designated as an Area of Interest, the first milestone in the official Marine Protected Areas (MPA) process.
This manuscript presents a summary of the published and unpublished scientific studies for the area. Existing data
with geographic references were plotted on maps of the estuary. These provide a start for the development of a GIS
database for the area. This overview provides a summary of the current literature, the various studies initiated
(hydrography, plankton, species inventories), and those planned. Studies on the physical oceanography of the
estuary, initiated in the summer of 1999, indicate water properties that were generally homogenous in the vertical,
but with some stratification in Five Fathom Hole. The estuary is a highly productive area and supports a variety of
species. The salt marsh is comprised of the common marsh plant species while the characteristic zonation of species
in the rocky intertidal zone occurs at Musquash Head. Many rare, very rare, and migrant species of birds visit the
estuary. DFO is studying this coastal ecosystem to help understand the function and role of the estuary in the Bay of
Fundy ecosystem and to assist in the development of an appropriate management plan.

RESUME

Singh, R., M. I. Buzeta, M. Dowd, J. L. Martin, and M. LeGresley. 2000. Ecological overview of Musquash
Estuary: a proposed marine protected area. Can. Manusc. Rep. Fish. Aquat. Sci. 2538: 39 p.

L’estuaire de la Musquash se situe a environ 20 kilomeétres a I’ouest de la ville de Saint John, au
Nouveau-Brunswick. Il a récemment été désigné comme zone d’intérét, la premiére étape du processus officiel
d’établissement d’une zone de protection marine (ZPM). Le rapport présente une liste sommaire des études
scientifiques publiées et inédites visant la région. Les données existantes liées a des points de repéres géographiques
ont été ajoutées a des cartes de I’estuaire. 1l s’agit des premiéres démarches dans I’élaboration de la base de données
d’un SIG pour ce secteur. L’apercu présente un sommaire de la documentation actuelle ainsi que les diverses études
en cours (hydrographie, plancton et dénombrement des espéces) et celles prévues. Des études sur I’océanographie
physique de I’estuaire lancées a I’été de 1999 démontrent que les propriétés de I’eau sont assez homogenes sur le
plan vertical, mais qu’il y a une certaine stratification dans la baie Five Fathom Hole. L’estuaire est un secteur tres
productif ou vivent diverses espéces. On retrouve dans le marais d’eau salée les espéces végétales habituelles, alors
que la zonation caractéristique des espéces dans la zone intertidale rocheuse peut étre constatée au cap Musquash.
De nombreuses espéces d’oiseaux rares ou trés rares et d’oiseaux migrateurs visitent I’estuaire. Le MPO étudie cet
écosystéme cotier afin de mieux comprendre la fonction et le réle de I’estuaire dans I’écosysteme de la baie de
Fundy et pour faciliter I’élaboration d’un plan de gestion convenable.



INTRODUCTION

On February 8, 2000, the Department of
Fisheries and Oceans announced publicly that
Musquash Estuary had been accepted as an Area of
Interest, the first milestone in the official Marine
Protected Areas (MPA) process. Boundaries for the
proposed MPA include all the subtidal and intertidal
area inside a line drawn from Musquash Head
through the southern tip of Gooseberry Island, and
extending to the coastline at the western tip of
Gooseberry Cove (Fig. 1). The inland limit will be
the head of the tide at the Musquash Hydro Station.
The estimated longitudes and latitudes for the
boundaries of the proposed MPA as shown in Fig. 1
are as indicated in the table below. The estimated
totgl area of the MPA is 1,656 ha (16.56 km?, 6.39
mi®).

The formation of the Musquash Marine
Protected Areas Planning Group has facilitated
community and stakeholder input into the
management plan currently being developed. The
overall objective of the management plan is the
“protection and restoration of the Musquash Estuary
and surrounding salt marshes”, and the following
goals have been identified:

Maintaining biodiversity of the area.

Maintaining a healthy fishing industry.
Protecting highly productive habitats.

Increasing the natural habitat and bird life in the
marsh and surrounding land.

Preserving the area for future generations.
Ensuring the conservation and the sustainable
use of the marsh.

In order to obtain the scientific information
required for evaluation of this Area of Interest, as
well as for the development of an appropriate
management plan, DFO has summarized existing
information. DFO will study further this coastal
ecosystem to help understand the function and role of
the estuary in the Bay of Fundy ecosystem. Studies
initiated in the summer of 1999 will be useful as a
basis for planning the subsequent comprehensive and
coordinated effort at understanding the importance of

the area. As well, DFO will contribute to the
Musquash MPA Planning Group’s assessment of
activities and their impacts in and around the estuary.

This overview provides a summary of the
current literature, the various studies initiated
(hydrography, plankton, species inventories), and
those planned. Figures. 2a and 2b show the locations
of sampling and observation stations of some of the
past (and more recent) studies in the Musquash
Estuary that are described in this report.

BACKGROUND

In New Brunswick less than 3% of the total
wetland is salt marsh (Environment Canada 1987),
and the NB Wetlands Atlas identifies 8470 ha of salt
marsh in the province (24% in upper Bay of Fundy
(Chignecto Bay), and 13% in lower Bay of Fundy).
Up to 65% of the salt marshes in NB (85% in Bay of
Fundy) have been lost during the last 300 yr
(Environment Canada Lands Directorate 1986;
Government of Canada 1991; National Wetlands
Working Group 1988). Musquash marsh is classified
as a Class | salt marsh (Roberts 1993). Class |
marshes are large, with a known or assumed high
value to wildlife, and represent the highest priority
for protection and management. When all factors are
considered, there are few pristine salt marshes
remaining in NB, so remaining marshes should
receive high priority for preservation (Roberts 1993).
This area has been described by the Conservation
Council of New Brunswick (CCNB) as one of the last
ecologically intact estuaries in the Bay of Fundy
(Harvey et al. 1998; Platt 1998). As such, its
inclusion in an overall Bay of Fundy Integrated
Coastal Zone Management (ICZM) plan is essential.
The ecosystem health of this estuary and its
surrounding marshes affects the immediate area
within its water circulation influence (Fred Page,
DFO, Biological Station, 531 Brandy Cove Road, St,
Andrews, NB E5B 2L9, pers. commun.). A much
wider scope of influence is the provision of larval
fish habitat for Bay of Fundy commercial species and
the associated food chain, and the high export rate of
dissolved organic matter into the Bay.

Outer boundary — Musquash Head
Outer boundary — Gooseberry Island
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AREA MORPHOLOGY

The names for the various creeks, beaches and
land features in and around the Musquash Estuary are
shown in Fig. 3a and 3b. The mouth of the Estuary
occurs between two headlands (Musquash Head and
Western Head) and is relatively deep and narrow (Fig
1). The estuary is 16.3 km long and drains the
Musquash River and marsh. Roberts (1993) reported
that Musquash marsh is about 395.2 ha, if it includes
the minor creeks, ditches, and intertidal areas within
the salt marsh. Thompson (2000), however, estimates
that Musquash Estuary contains approximately 773
ha of marshland and of this 141.5 ha are currently
dyked to create freshwater ponds and marsh habitat
for ducks (see Ducks Unlimited Impoundments, Fig.
1). The freshwater flow into the estuary is regulated
by discharge through turbines from a small electric
generating plant (Kristmanson 1974) and from
several small creeks (Fig. 3a, 3b). Intertidal transect
profiles by MacKay (1975) (Fig. 4) demonstrate
some of the different morphology found along the
estuary. Hunter and Associates (1982) described the
morphology and general geology of the area. It is
comprised of a large estuarine embayment with a
relatively narrow entrance between rocky exposed
headlands. Beaches and intertidal mud/sand flats are
found in the harbour, turning to mud in the protected
embayments (Fig. 5). The wave-exposed headlands
are composed of purplish-red sandstones with minor
conglomerates and shales. The cliffs of Western and
Musquash Heads and off Gooseberry and Split Rock
contain gray-green mafic and felsic volcanic flows,
and are carbonaceous south of Black Beach. Black
Beach is very coarse and contains a high percentage
of cobbles. Within Musquash Harbour, crystalline
limestone and dolomite with quartzite and quartzitic
argillite outcrops form the cliffs. Further in, the
bedrock is mantled with a shallow veneer of glacial
drift. The intertidal area of the headlands consists of
vertical rock faces eventually giving way to more
gradual inclines in the upper harbour (McEachreon
1985) (Fig. 4). Beyond Black Beach, while there is a
predominance of rocky shorelines, more boulder and
sandy beaches are encountered. The bedrock in these
areas, however, does not extend all the way to the
low water mark because of the presence of sediment
pockets (McEachreon 1985). Above Musquash
Island, the river channel narrows and mudflats
predominate at levels below mean tidal height. The
river above Five Fathom Hole is bounded by tracts of
salt marsh with few rock outcrops. The substrate of
Hepburn Basin (Fig. 1) ranges from an extensive salt
marsh dominated by marsh grasses, a sand and gravel
beach with occasional peat banks and a gradation of

cobble to bedrock near the mouth of the Basin
(Gratto 1986).

OCEANOGRAPHY

Musquash is a strongly tidal estuarine system.
Kristmanson (1974) described the Musquash system
as consisting of a 10 km long river which flows into a
shallow harbour (6 by 3 km). Its outer headlands are
exposed to significant wave action. Aerial
photographs off Coleson Cove show rip eddies
generated in response to tidal currents. Turbid
nearshore waters occur on both the flood and ebb
tide, and the harbour itself has high turbidity as a
result of resuspension of bottom sediments. Sediment
is exchanged with offshore water masses as well as
being transported further inshore (Hunter and
Associates 1982). The freshwater flow in the river is
controlled by the Musquash River Hydroelectric
Development.

The Musquash Estuary experiences a tidal
amplitude of about 6 m (Gratto 1986). Kristmanson
(1974) recorded soundings of 1.2 m (4 ft) at low
water (LW) at the head of the estuary (12.8 km from
the mouth of the harbour). Wildish (1977) recorded
water depths at low tide ranging from 1-6 m at mid
channel stations in the estuary (Fig. 6). Kristmanson
(1974) estimated the saltwater volume discharge of
the harbour over a tidal cycle (from Five Fathom
Hole out) to be 2100 x 10° cu. ft, with a freshwater
discharge of only 9 x 10° cu. ft for the same period.
The total amount of water to pass the wharf on one
tide is over 30 times the freshwater input. Salinities
recorded by Kristmanson at 1-m depth at low and
high water are shown in Fig. 7a and 7b. The river is
well mixed at high water (HW), and differs only
slightly in salinity from the rest of the Bay of Fundy.
In the river, salinities vary from 0-30 ppt. In the
harbour at HW, salinities exceed 28 ppt. At very LW,
salinities vary from 17 ppt at Five Fathom Hole, to
28.7 ppt beyond Musquash Head. In August, the
salinity levels are approximately 5 ppt higher than in
May. From a biological perspective, salinities below
25 ppt are of particular interest, as saltwater species
distribution then becomes limited. Kristmanson
(1974) further speculated that the movement of a
hypothetical pulse of freshwater released at HW from
the Hydro Station would take 6 d to reach Five
Fathom Hole. The dispersion mechanisms would, by
then, have spread and diluted the pulse considerably,
and its effect would be felt in the harbour and in the
river. Salinity levels in the harbour proper depend on
a balance between the freshwater input and the
exchange of the estuary with the waters of Bay of
Fundy.



In order to validate Kristmanson’s (1974)
findings, and to obtain a baseline description of the
oceanography for Musquash Harbour, Dowd et al.
(unpublished) collected data from 21 stations in
September 1999 (Fig. 2a). The innermost station was
located at the Highway #1 Bridge while the outer
stations were located in deeper waters beyond the
mouth of the estuary. Vertical profiles of
oceanographic  variables (salinity, temperature,
chlorophyll, water density, oxygen and turbidity)
were collected at each of the 21 stations. These
stations comprised a section running from the mouth
to the head of the Musquash Estuary. From these
profiles, plots were done to show surface and bottom
salinity (ppt) (Fig. 8a, 8b), temperature (°C) (Fig. 8c,
8d), oxygen (mg /L) (Fig. 8e, 8f), chlorophyll
(fluoresence units) (Fig. 8g, 8h), turbidity (Formazin
turbidity units) (Fig. 8l, 8j), and water density (o in
kg/m®) (Fig. 8k, 8l). Section plots of some of this
information, from the mouth of the estuary (station 7,
Fig. 2a) up to Highway #1 Bridge (station 18, Fig.
2a), are shown in Fig. 8m. They have been plotted
based on the straight-line distance between the
stations (Fig. 8m). All measurements were taken on
the same day in a relatively short time period to avoid
tidal aliasing.

The water is generally well mixed in the
vertical, especially landwards of Five Fathom Hole.
At Five Fathom Hole, vertical stratification is present
and this point marks the divide between the oceanic
and river/estuarine regimes. The section plots show a
strong along-axis gradient in some of the water
properties. The salinity varies from freshwater
recorded at the Highway #1 Bridge to oceanic Bay of
Fundy water at the mouth of the estuary. The highest
temperature (17.1°C, surface) occurred at the
Highway #1 Bridge and there was a gradual decrease
towards the mouth of the estuary to a low of 12.6°C
(bottom). Temperature rises over 4-5 degrees going
inland. Density of the water (the dynamic quantity
that sets up pressure differences and drives mean
circulation) is set by the salinity variations. Turbidity
was recorded as being high in the inner part of the
estuary and lower in the area around the mouth.
Turbidity rises by 2 orders of magnitude going
inland. Surface oxygen concentrations varied less,
being generally higher at the head than the mouth.
Similarly, chlorophyll concentrations were higher in
the upper reaches of the estuary and lower around the
mouth.

Other preliminary observational studies have
been undertaken in order to characterize the
oceanography of Musquash. A temperature and
pressure (tidal height) sensor was deployed near Five

Fathom Hole Wharf in December 1999. The intention
is to provide a continuous high frequency time series
record of these variables over the seasonal cycle and
beyond. This is part of the overall effort to design
and establish long-term monitoring stations at
specific locations in the estuary in order to look at
seasonal and inter-annual fluctuations in primary
physical and biological oceanographic variables (e.g.
temperature, salinity and turbidity, as well as
nutrients and plankton). This will be supplemented
with more intensive observational studies designed to
determine high frequency variability and spatial
differences in the oceanography throughout the
system. We envisage that this will be achieved by
observations from moored instruments, from transect
data, and from drifter deployments in key locations to
determine circulation patterns. More detailed
analyses and modelling work might later be
undertaken in order to address scientific and
management questions.

In addition to a description of the oceanography
within the Musquash system, it is also important to
address remote effects on the system, such as how the
harbour is influenced by adjacent regions. For
example, in terms of the transport pathways for
materials, the St. John River plume may have an
important influence on the Musquash system. Neu
(1960) reported on a hydrographic survey of Saint
John Harbour, which includes calculations of the
river discharge, locations of dredging and current
directions at the mouth of the harbour. This report
will be useful in determining the influence of the St.
John River on the oceanography of Musquash. In
general, more observational and modelling work will
be needed to get estimates of the circulation or
flushing within different regions of the Bay, as well
as the overall exchange with the Bay of Fundy. This
is the type of information that needs to be updated
and validated from Kristmanson’s (1974) work. From
either a management perspective, or as custodians of
marine ecosystems, this sort of information is needed
in order to assess any potential risks from pollutants,
increased siltation or catastrophes (oil spills), and to
understand the nature and functioning of the
ecosystem.

WATER QUALITY - NUTRIENTS AND
CONTAMINANTS

In order to maintain environmental quality by
restricting/prohibiting  developments  within the
estuary, it will be important to consider that nutrients
and contaminants enter through exchange with waters
from the Bay. Hunter and Associates (1982) reported
the following possible sources of contamination:



Coleson Cove oil-fired thermal generating station,
significant air pollution with frequent ground level
fumigation as well as long range transport of airborne
pollutants, release of heated and often contaminated
cooling water, and minor oil spills and leaks.
MacKay (1975) sampled for contaminants in the
water during August and October 1974 in Musquash
Estuary and along the coast towards Lorneville
Harbour (Fig. 9a). The data obtained indicated that
high concentrations of lead (Fig. 9b) and mercury
(Fig. 9c) occurred just outside of the harbour.
Locations of high copper and phosphate
concentrations are shown in Fig. 9d and 9e. It appears
that some of these contaminants may be carried into
Musquash Harbour by water currents. Transparency
was measured in August and October 1974 (MacKay
1975) (Fig. 9f), and turbidity in September 1999
(Dowd et al. 1999) (Figs. 8i and 8j).

Nutrient studies define remote vs. local effects.
For Musquash, the potential is higher for contaminant
loadings from offshore activities in the Bay of Fundy
to be the major control mechanism of water quality in
the estuary, regardless of efforts to control
development within the estuary. Samples for silicate,
phosphate, nitrate, nitrite, and ammonia will be
collected in the summer of 2000. Sampling will be
done along a few stations to assist in deciding where
to resample at a later date. A routine monitoring
station at Musquash will include the sampling of
nutrients. The identification of a good indicator
species for contaminants will enable the study of
levels of cadmium, copper, silver, and zinc. Other
studies/monitoring underway include stream effluents
being monitored by NB Department of Environment,
and bacterial counts (Richard et al. 1998, Fig. 10)
monitored by Eastern Charlotte Waterways Inc.
(ACAP).

PLANKTON AND FISH LARVAE

Plankton studies include information on
predominant phytoplankton species present in the
estuary. Additionally, zooplankton, fish eggs and
larvae present will add to the potential significance of
this area. For a preliminary assessment, three samples
for plankton were collected from the Musquash
Estuary on June 26, 1999 (Fig. 2a). One sample
(taken at the inner most location in the Estuary) had a
very high percentage of detritus. Martin and
LeGresley (unpublished) analyzed the samples for
phytoplankton only. There were 29 different species
identified in the plankton (Appendix 1). Results show
a variety of species present, all of which commonly
occur in the Bay of Fundy. This sampling, however,
represents only a single window of information.

Compared to monitoring stations at Lime Kiln Bay
and Brandy Cove (June 21 and 29, 1999; Martin and
LeGresley, unpublished), data from the Musquash
samples have approximately the same number (and
type) of species but fewer cells.

® Alexandrium fundyense, the dinoflagellate
responsible for PSP (paralytic shellfish poisoning)
which is found in the Bay of Fundy generally
during summer months is responsible for the
closures of shellfish harvesting areas on an annual
basis. The highest number of A. fundyense cells
observed was 340 cells-L™.

® The diatom Pseudo-nitzschia pseudodelicatissima
produces domoic acid and results in amnesic
shellfish poisoning (ASP). This diatom is very
minute and requires approximately 1,000,000
cells L™ before domoic acid can be detected. Only
80 and 40 cells-L?, respectively, were detected in
two of the samples.

® Dinophysis spp. and Prorocentrum spp. were also
observed. These are known to produce diaarhetic
shellfish poisoning (DSP) elsewhere in the world
but have never been linked in the Bay of Fundy
with any problems.

® Also found were the following species which are
non-toxic to humans, but potentially harmful to
fish and invertebrates: Cerataulina pelagica,
Chaetoceros spp., Chaetoceros socialis, Ceratium
fusus, Dictyocha speculum and Mesodinium
rubrum. M. rubrum caused the red tide in
Passamaquoddy Bay in 1998-99 and resulted in
farmed salmon mortalities.

® Other species found were basically harmless
species but under exceptional conditions can
bloom so densely that they discolour the water.
The bloom decay may cause oxygen to become
depleted. These include Skeletonema costatum
and Leptocylindrus minimus.

Monitoring of phytoplankton, as well as
zooplankton, could be accomplished on the same
basis as other hydrographic, nutrient, and plankton
samples taken routinely in the Bay of Fundy. Only 1-
3 stations are necessary to monitor the area
effectively. Sampling should be more frequent than
monthly for phytoplankton monitoring during May-
September.

MARSH ECOLOGY

Generally in Fundy marshes, plant communities
consist of the genera Spartina, Puccinellia, Distichlis,
as well as rushes and reeds (Juncus, Scirpus), with
other scattered perennials (Armeria, Plantago,



Triglochin, Limonium, Cotula, Selliera) (Thomas
1983). Characteristic annuals include Salicornia,
Suaeda and Atriplex. Hinds (1999) identified other
salt marsh species such as Eleocharis halophila,
Carex mackenziei, Hierochloa odorata, Ranunculus
cymbalaria and Galium trifidum. Algae present
include Fucus, Bostrychia, Ulva, Enteromorpha,
Ulothrix, Cladophora, Microcoleus and Alderia
modesta. Musquash is dominated by Spartina
alterniflora, especially where the bank is not
significantly above the landward marsh. Species
found most frequently where the banks are raised
include Spartina patens, Triglochin maritima,
Plantago maritima, Atriplex padula, Suaeda
maritima, Limonium nashii and Salicornia europaea.
In places showing erosion or damage to the bank,
stands of Salicornia may be found. The following
sketch of South Musquash salt marsh zonation shows
the distribution of the common plant species (Stevens
1997). Note the typical low inclination of the marsh
flat in this area.

incisa association. Wildish found a total of 36
different faunal species among 12 stations studied
(Fig. 11a).

Production (amount of detritus carbon produced
for system energy) in eastern North American
marshes is mostly derived from Spartina alterniflora.
In Musquash, Wildish (1977) estimated a range of
0.1-1.7% dry weight of organic carbon present. The
percentage of net production exported in the form of
detritus (dead vegetation - Spartina), on a receding
tide represents the food energy source to the coastal
ecosystems, and is significant in the Bay of Fundy.
Data on sorting coefficients (settling of different-
sized particles) for Musquash Estuary indicated that
at some locations there was net deposition (Wildish
1977) (Fig. 11b). There was a linear relationship
between QD® values (sorting coefficients) and the
measure of organic carbon (Fig. 11b, 11c, 11d).
Some stations showed that tidal currents do not
differentially erode organic particulate matter; that is,
net depositional sedimentation occurs. Whether an

Spartina Spartina patens

Zostera
Main Channel

alternifiora  (Atriplex, Glaux, Solidago

altemiflora  Juncus  Elymos, Deschampsia
tall short  Hordeum, Plantago, Triglochin) p

Termrestrial grass
Alnus (Alder)
Picea (Spruce)

Spatina Scirpus, Spartina pectinata,

short Agropyron, Phleum

Marine resident fauna (Appendix 1) in the
marshes include Macoma balthica, Nereis
diversicolor, and Mytilus edulis in the lowest zones
of Spartina alterniflora (Thomas 1983). A tiny snail,
Hydrobia minuta, and the mummichog Fundulus
heteroclitus are often abundant, and Littorina
saxatilis (rough periwinkle) is the most generally
distributed marine form. The green crab Carcinus
maenas is occasionally found along the creeks. The
isopod ldotea phosphorea, the amphipod Corophium
volutator, and the saccoglossan Alderia modesta
occur in tidepools and creeks. Gammarids can be
found among the vegetation. Wildish (1977, 1983)
divided the species found in Musquash into three
groups based on dominance: a Mya, Corophium,
Nereis association; a Nepthys ciliata, Balanus, Nereis
association; and a Sternapsis, Clymnella, Nepthys

area undergoes net sediment erosion or deposition
strongly influences the type of macrofauna
community found there. For example, high tidal
energy limits diversity, and there is a corresponding
low sediment carbon level. Many of the stations in
Musquash border on being of high tidal energy.
These conditions are present in stations 6 and 9 (Fig.
2), and are correlated to low diversity and low
sediment carbon levels. Low salinity can also be a
limiting factor and decreases the diversity of marine
species (with a corresponding increase in freshwater
species). The trophic ratio for Musquash at station 6
(Fig. 2b) is 100% deposit feeders, and in stations 1
and 2 there is marked impoverishment due to low
salinity (Fig. 11a, 11d).



INTERTIDAL AND BENTHIC ECOLOGY

Sub-maritime fringe

Terrestrial: Trees, grasses and other flowering plants

Edge of turf: Few flowering plants below this point

Supralittoral Zone

Subtidal Zone

Thomas (1994) has described the general
characteristics of the rocky intertidal zone at
Musquash Head. The sketch above shows the typical
zonation of species on the rocky intertidal zone. The
very top of the shore (supralittoral zone) is always
dominated by the lichen Verrucaria maura, and is
therefore black in colour. Where Xanthoria parietina
and Caloplaca marina are abundant, the area may be
brilliant orange, but more usually it is bare rock with
patches of gray Parmeila sp. A few flowering plants
are scattered through the zone, the most common
being Plantago oliganthos and Deschampsia
flexuosa. Littorina saxatilis, the determinative
organism in the supralittoral fringe, ranges from
rare to very common. The bottom of the fringe is
normally marked by a narrow band of Fucus spiralis.
The mid intertidal (midlittoral zone) is completely
dominated, except at the very bottom, by
Ascophyllum nodosum. Occasionally, patches of
Fucus vesiculosus appear. Hildenbrandia rubra and
V. mucosa are important crustose species at all
locations and levels. The three littorinids, L. saxatilis,
L. obtusata, and L. littorea appear in sequence with
decreasing level and are usually abundant. Under the
A. nodosum canopy, Sertularia pumilla, Flustrellidra
hispida and Fabricia sabella are ubiquitous. Red
algae, such as Mastocarpus stellatus and Chondrus
crispus, usually appear in the mid-midlittoral and
increase downward along with the limpet Colissella
(Acmaea) testudinalis. At the base of the midlittoral
zone are found one of Acrosphonia arcta, M.
stellatus, C. crispus, or Plamaria palmata. The lower
end of the shore (infralittoral fringe) is grazed by
the urchin Strongylocentrotus droebachiensis and is

Upper limit of lichens: Verrucaria, Xanthoria, Caloplaca, Parmelia

Upper limit of Littorina

often mostly bare rock. The kelp, Alaria esculenta is
frequent, and Laminaria sp. are rare, although both
are found in extreme exposure areas, where urchins
are less common. Where grazing is moderate, a
mixture of A. arcta, M. stellatus, C. crispus, P.
palmata and Halosaccion ramentaceum is the normal
canopy, with crustose corraline algae beneath.

Thomas and Page (1983) studied the effect of
grazing by the gastropod, Lacuna vincta in the lower
intertidal at Musquash Head. They reported that there
was a sudden appearance during June—August 1981
of large numbers (reaching up to 280 m™) of this
herbivore, principally on the Fucus edentatus in the
lower intertidal. This sudden appearance was due to
migration from the subtidal zone, and grazing
resulted in the removal of 79% of the net production
of Fucus edantatus in the monitored areas (Thomas
and Page 1983). Thomas (1994) conducted three
parallel intertidal transects at Musquash Head and
recorded as many as 103 species. The largest group
was the algae with 36 species, while 25 species of
fauna were recorded. Other groups identified
included lichens, bryophytes and angiosperms
(Thomas 1994).

Benthic plants and animals live on the sea
bottom. Their presence or absence is dictated by
many physical parameters. The type of substrate
(mud, rock, sand), however, plus water
exchange/current, are critical. An animal attached to
a hard substrate, such as a rock, can in itself provide a
habitat to another smaller species (such as a large
sponge harbouring amphipods and crabs). The study



of benthic communities can be accomplished at
various levels/scales, and can include intertidal and
subtidal sampling transects, video transects and
soft sediments. Wildish (1977, 1983) did a series of
grabs along Musquash and estimated numbers and
biomass of a large number of macro-infauna (Fig.
11d and 11e).

Based on direct observations and on the present
fishing patterns, the Community Coastal Resource
Mapping (CCRM 1999) project identified areas in the
Musquash Estuary that were deemed to have high
densities of species of commercial importance. The
species identified include rock crab (Fig. 12a), lobster
(Fig. 12b), soft-shell clam, herring, and scallop (Fig.
12c). During the fall lobster fishing season twelve
vessels fish traps at Gooseberry Island, Musquash
Head and across the mouth of the estuary
(Thompson, 2000). According to Thompson (2000),
scallop dragging, by four to six vessels, is usually
carried out inside the mouth of the estuary when
weather conditions do not permit the boats to go
elsewhere. The CCRM (1999) project also identified
areas with high rockweed, periwinkle, and sea urchin
densities (Fig. 12d). Periwinkle harvesting areas and
clam beds were further mapped by Thompson (2000)
(Fig. 12e). Periwinkles, clams, and dulse are
harvested within the estuary for commercial and
recreational purposes. The amounts harvested,
however, are small and commercial harvesting only
occurs on an irregular basis (Thompson, 2000). Two
seal haul-out sites were identified in the Musquash
Estuary: Musquash Island and Musquash Head (Fig.
12c) (CCRM 1999).

Gratto (1986) reported some 35 benthic species
from the intertidal mudflats in the Hepburn Basin
area of the Estuary (Fig. 1). The dominant species
were the amphipods, Corophium volutator (up to
30,000 m? in late summer) and Gammarus
lawrencianus (up to 14,000 m?). Other species
collected in epibenthic sampling included the mysids,
Neomysis americana, Mysis stenolepsis, and the carid
shrimp, Crangon septemspinosa. Based on diets,
Gratto (1986) divided the 21 species of fishes caught
into three groups. The planktivores fed mainly on
harpacticoid and calanoid copepods and included the
Culpeoids (herring, gaspereau) and Menidia menidia
(silverside) with very young Gadoids (cod, pollock).
The larger Gadoids, in addition to Osmerus mordax
(smelt) and large Microgadus tomcod (tomcod), fed
on benthic crustaceans primarily amphipods and the
carid shrimp. The three species of flounders (winter,
yellowtail and smooth flounders) fed mainly on
benthic polychaetes. Gratto (1986) estimated that 8
species of shorebirds  (sandpipers, plovers,

grabs. Grabs deployed from a boat are best for
sampling the animals living below, within, or partly
buried (sublittoral macro-infauna) in
yellowlegs, willet, and dowitcher) consumed 6-11%
of the annual Corophium production during the fall
migration (mid-July to October).

Direct surveyance (SCUBA), video transects
(direct or remote), and photographic materials are
low impact, efficient ways of assessing underwater
communities  (sublittoral benthic communities),
assuming conditions are amenable. MacKay (1975)
studied the Lorneville and Musquash benthos using
direct observations intertidally, and SCUBA
subtidally. Nine intertidal transects (Fig. 2a and 4)
were performed in Musquash Estuary by MacKay
(1975). Species identified along the transects were
assessed on an abundance criteria (present, common,
abundant). The largest number (29) of species (both
flora and fauna) was recorded in south side of
Wallace Cove (Fig. 13). The Wallace Cove area also
had the highest number of plant species. Table 1
shows the number of species in the different trophic
groups observed along each transect by MacKay
(1975).

Data from studies by Wildish (1977, 1983) and
MacKay (1975) (presence-absence of species) will be
essential in the development of a management plan.
Future study plans by DFO include GIS referenced
distribution maps of the major species. Preliminary
planning work for this was accomplished by DFO in
the summer of 1999. Visibility underwater anywhere
other than at, or very near to, the mouth of the
Musquash estuary was near zero. Even then, water
clarity was found to be poor at the end of June and nil
by the end of September. Photographs taken in turbid
water conditions at Musquash Head and Gooseberry
Cove are of poor quality; however, they do portray a
variety of the common macro-invertebrates. Video
footage, along a transect line, proved even more
demanding and risky, and had to be abandoned. Our
methods, the addition of lights, and time of operation
(for water clarity) will be reevaluated for the next
field season. It is, however, essential that the habitat
mapping and the species inventory (Appendix 1) be
further enhanced, as well as monitored for changes.

BIRDS

Deichmann (1999) has reported historical and
recent (Spring-Fall 1999) bird observations at various
locations around the estuary (Fig. 2b). He listed some
290 species of birds (Appendix 1) observed in the
Musquash Estuary. Many of these birds are rare or



Table 1: Number of species in different trophic groups observed along transects by MacKay (1975). For locations of

transects see Fig. 2a and 4.

Transect Plants Animals Omnivore Carnivore Deposit-  Suspension- Algal
feeders feeders scrapers
CT1 3 6 1 0 0 3 2
CT2 2 12 1 2 2 4 2
CT3 4 9 1 1 0 4 3
CT4 7 22 1 2 8 7 4
CT5 9 15 1 2 5 6 1
CT6 8 9 1 2 1 2 3
CT7 3 8 1 2 0 3 2
CT8 1 11 1 1 3 5 1
CT9 2 12 1 1 3 6 2

very rare and many are migrant species that only visit
the estuary during certain times of the year. Some 38
of these species are found throughout the area while
other species occur only in certain locations. The
three Ducks Unlimited Impoundments (Fig. 14a)
attract a large number of ducks with some species
(for example, the Pied-billed Grebe) nesting in these
areas. Twelve species of waterfowl (11 species of
ducks and the Canada Goose) have been confirmed
as breeding in the estuary. Gooseberry Island is home
to a small but significant Common Eider colony.
Other locations of sightings of Common and King
Eiders are shown in Fig. 14b. Some 65 species of

birds were observed in the forested area along
Gooseberry Cove Road while 57 species were
reported in the area along Musquash Lighthouse
Road (Fig. 14a). Table 2 lists the number of rare,
very rare and vagrant species reported for each of the
locations by Deichmann (1999). The Community
Coastal Resource Mapping (CCRM 1999) project
identified two of the Ducks Unlimited Impoundments
as areas of importance to migratory birds (Fig. 14b).
Five nesting pairs of Pileated Woodpeckers and one
nesting pair of Bald Eagle were also observed during
the CCRM 1999 survey (Fig. 14b).

Table 2: Number of rare, very rare and vagrant species of birds reported by Deichmann (1999) at various locations

around the Estuary.

Location Location name Species Location Location name Species
number number
39(A) DU Impoundment (East) 29 22 Bents Beach 7
40(B) DU Impoundment (West) 27 23 Camerons Beach 7
41(C) DU Impoundment (Menzies) 14 24 Hepburn Basin 20
1 Board Bridge Creek 9 27 Western Head 15
2 Moose Creek 9 28 Black Beach 11
4 Devebers Point 18 29 Musquash Lighthouse 19
6 Menzies Manor 14 30 Gooseberry Cove 17
7 Dunns Creek 20 31 Gooseberry Island 9
8 Negro Brook 11 32 Little Musquash Cove 7
9 Perch Brook 9 33 Butlers Cove 7
13 Five Fathom Hole 9 34 White Rocks 7
14 Butlers Creek 11 35A East Branch Musquash R. 9
16 Connors Cove 9 35B West Branch Musquash R. 18
17 Wallace Cove 7 36 Split Rock 9
18 Cheeseman Beach 7 37 Coleson Cove 7
19 Frenchman & Burchill Brooks 8 38 Outer Estuary Offshore 28
20 Musquash Island 8 E (forest) Along Musquash Lighthouse Rd. 14
21 Musquash Ledges 13 F (forest) Along Gooseberry Cove Rd. 19




TERRESTRIAL PLANTS

Hal Hinds (1999) did a recent study of the
vascular plant species around the estuary. The five
principal habitats examined were headlands and
rocky bluffs, salt marshes, adjacent forested areas,
upper beach areas, and freshwater stream sides and
meadows. The species recorded are not exceptional
in terms of rare species and diversity, but are typical
of such estuaries in the Bay of Fundy area. The MPA
boundaries will, however, include only those species
within the zone defined by tidal activity below the
high tide line. Hinds (1999) identified some
additional species in the salt marshes including
Eleocharis halophila, Carex mackenziei, Hierochloa
odorata, Ranunculus cymbalaria, and Galium
trifidum.

SUMMARY

The science requirements will need to be
expanded or modified once underway, perhaps
following the format suggested by Rangeley and
Singh (2000), in a report summarizing basic
monitoring requirements for an MPA. A science
review, in the form of a workshop, would ensure
identification of science gaps, and effectiveness and
coordination of studies. The requirements for an
adequate study plan need to be discussed and
coordinated, and offers of assistance from the experts
involved have been obtained. A workshop format
might prove useful for this purpose; this could be
accomplished by the formation of a Musquash
Advisory Board, which would include members of
the present Musquash MPA Planning Group,
stakeholders, representatives of various
Governments, and scientists. Consideration is being
given to replicating previous studies done in
Musquash to see if future change could be detected in
this way. Information requirements include the
assessment of nutrients and of inorganics (in
sediments and organisms), hydrographic information,
and species and habitat mapping. Musquash could
provide the opportunity to develop the methodology
and standards required to assess ecosystem health,
and to detect subsequent environmental changes, both
required for management of an MPA. These
standards will be required in subsequent MPA sites
and as a basis for sound management practices
generally, so the questions answered in Musquash
will be useful beyond that particular site.
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Fig. 2a. Musquash Estuary: stations where studies have been done (MacKay, 1975;
Dowd et al., 1999; Martin and LeGresley, unpublished).
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Fig 3a. Musquash Estuary: Names of places in and around the proposed MPA (D. Thompson).
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Fig. 3b. Musquash Estuary: Names of places in and around the proposed MPA (D. Thompson).
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Fig. 5. Musquash Harbour: Shoreline classification (CCRM, 1999).
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Fig. 7a. Musquash Estuary: Salinities at Low Tide on May 24, 1973 (Kristmanson, 1974).
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Fig. 7b. Musquash Estuary: Salinities at High Tide on May 24, 1973 (Kristmanson, 1974).
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Fig. 8a. Musquash Estuary: Surface salinity - September 1999 (Dowd et al., 1999).
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Fig. 8c. Musquash Estuary: Surface temperatures - September 1999 (Dowd ¢t al., 1999).
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Fig. 8¢. Musquash Estuary: Surface oxygen (mg/L) - September 1999 (Dowd et al., 1999).
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Fig. 8g. Musquash Estuary: Surface chlorophyll concentration (Flouresence Units) - September 1999
{Dowd et al., 1999).
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Fig. 8k. Musquash Estuary: Surface water density (Sigma-t in kg/m"3) - Sept. 1999 (Dowd et al., 1999).
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Fig. 81. Musquash Estuary: Bottom water density (Sigma-t in kg/m"3) - Sept. 1999 (Dow etal., 1999).
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Fig. 9a. Musquash Harbour and Coast: Water Quality stations sampled in August and
October 1974 (MacKay, 1975).
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¢ Fig. 9c. Musquash Harbour and Coast: High mercury concentrations above 0.010 mg/L. (MacKay, 1975).
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Fig. 9d. Musquash Harbour and Coast: High copper concentrations above 0.010 mg/L (MacKay, 1975).
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Fig. 10. Musquash Estuary: Maximum fecal coliform densities (MPN/100mL) in samples taken during
mid-tide for the penod 1989-1997 (Richard et al., 1998). {
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Fig. 11a. Musquash Estuary: Number of species per m"2 sampled in June 1973 (Wlldlsh 1977, 1983)
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|

Fig. llb Musquash Estuary: Sed:ment Sorting Coefficient (QD phi) in Iune 1973 (Wildish 1977, 1983).
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Fig. 11d. Musquash Estuary: Biomass per m"2 sampled in June 1973 (Wildish, 1977, 1983).
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Fig. 11e. Musquash Estuary: Number of individuals per m*2 sampled in June 1973 (Wildish, 1977, 1983).
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Fig. 12e. Musquash Estuary: Clam beds (hatched red areas) and periwinkle (PW) harvesting areas (Thompson, 2000).

Fig. 13. Musquash Estuary: Total number of species (flora and fauna) found along the 9 transects
in September 1974 (Mackay 1975).
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Fig. 14a. Musquash Estuary: Numbers of bird species observed in 1999 (Deichmann, 1999).
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Fig. 14b. Musquash Harbour: Sightings of migratory birds (DUIs A and B) and of nesting/breeding
birds (CCRM, 1999); and locations of Eiders sighted by Deichmann (1999). -

e N

Satt Marsh 1§ cqmmmEudcu:
: - {Commeon).

& Ducks Uniimited .
hmﬁﬂn’#mm@ﬂ'ﬂw

L] SR i
e

' Wlometies




33

Appendix 1

Musquash Estuary

General Species List
(Incomplete)

Compiled from published and unpublished sources,



®

Phylum
Pinoflageliate

Diatom

Flagellate
Flageliate
Ciliate

Ciliate
Flagellate

M hyceans
e
Lichens

Byrophyles

Algae

Glasa/Famlly
Dinophyceaa
Dinophyceas
Dinophyceae
Dinophyceas
Dincphyceae
Dincphyceae
Dincphyceag
Dinophyceas
Dinophyceas
Bacillanophyceas
Bacitlariophyceae
Bacillariophyceae
Bacillariophyceas
Bacillariophyceas
Bacillariophyceas
Baciliariophyceae
Bacilariophyceae
Bacillariophyceas
Bacillariophyceas
Bacillariophyceae
Bacillariophyceas
Bacillariophyceae
Bacillaziophyceas
Bacillasiophyceae
Bacillariophyceas
Bacillariophyceas
Bacillariophyceas
Bacilfariophyceae
Baciltariophyceas
Bagiltariophyceae
Bagillariophyceas
Bagillariophycaae
Cheysophyceae
Dictyochophyceas
Litostomatea
Choraotrichida
Euglanophyceae

Lichen
Lichen
Lichen
Lichen
Lichen
Lichken
Lichen
Lichan
Lichen
Lichan
Lichen:
Lichen
Lichen
Lichen
Lichen
Lichen
Lichen
Lichen
Lichen
Lichen
Lichen
Lichen
Lichen
Byrophyta
Byrophyta
Byrophyta
Byrophyta
Cyancphyla
Chlorophyla
Chlorophyla
Chioroghyla
Chiorophyla
Chlorophyta
Chlorophyta
Chiorophyta
Chiorophyta
Chlorophyta
Chlorophyta
Chlorophyta
Chlorophyta
Chlorophyta
Chlorophyta
Chlorophyta
Chlorophyta
Phaeophyta
Phasophyla
Phasophyta
Phaeophyta
Phaeophyta
Phaeophyta
Phaaophyta
Phaaophyta
Phaeophyta
Phaeophyta
Phasophyta
Phasoghyta
Phaeoghyta
Phaeophyta
Phaeophyta
Phasoghyta
Rhodephyta
Rhodaphyta

Specles name
Alsrandrium furdyense
Ceoratium fusus

Garatium longipes
Dinophysis acuminata
Halerocapsa friquelre
Prorocentrum micans
Profoperidinium sp.
Armoused dinofiageflate
Unarmovred dinoflagellate
Achnanthes sp.
Aclinoptychus senarius
Asterioneliopsis glacialis
Cerataulina pelagica
Chasfoceros socialis
Chagloceros sp.
Chastocaros sublilis
Gorgthiran cricphilum
Coscinodiscus sp.
Cylindrotheca closterium
Ditylum brightwedlii
Eucampia zodiacus
Guinardia deficatula
Leplocylindrus minimus
Navicula sp.

Faralia marina
Fsaudo-nitzschia delicatissima-group
Rhizosolenia setigera
Skeletonama costatum
Thalassiosira oestrupii
Thalassiosira sp.

Pennate diatom

Centric dialom

Dincbryon sp.

Dictyocha spocufum
Mesodinium rubrum
Tintinnids
Flagellate-Eufrepliefia sp.?
Myxophyceans
Acarospora fuscala
Acarospora samragdula
Caloplaca elegans
Galoplaca marina
Cladonta chlorophaea
Ciadonia coccifera
Cladania ecrmocyna
Ciadania leporina
Lacanora grantii

Lepraria mombranacea
Normandina pulchella
Parmelia (Xanthoparmelia) conspera
Parmelia saxatitis
Parmalia sulcata
Rhizocarpon congtrigium
Rhizocarpon sbscuratum
Verrucana mawra
Venucaria cauthocarpa
Verrucara micraspora
Verrucaria muccsa
Xanthoria elegans
Xanthoria parietina
Lichina pygmaea

Bryum safnum

Pohlia elongala

Pohlia nutans
Telradantium brownignum
Lyngbya sp.
Entaromorpha intestinalis
Enteromorpha compressa
Ulva lactuca
Chastormorpha linum
Chastomarpha melagonium
Cladophora albida
Cladophora glaucescens
Cladophora rupasiris
Cladophora gracilis
Menostroma grevillei
Monosiroma oxyspermum
Acrogiphonia arcta
Spongomomha arcla
Rhizeclonium sp.
Ulothrix Tacca

Urospora penicilliformis
Agarum cribrosum

Alaria asculonta
Ascophylium nodosumn
Chorda flum

Eclocarpus paradoxus
Egincarpus siliculosus
Ectacarpus lomeniosus
Fucus distichus distichus
Fuous distichys edantatus
Fucus vasiculosus

Fucus vesiculosus evasiculosus
Fucus spiralis

Laminaria digilata
Laminaria saccharina
Pelalonia fascia

Rallsia fungiformis
Anfellia plicata
Auvdovineiia (Rhodocorlen) pumpurea
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FLORA

Common Nama

Smooth-black encrusting

Blue-gresr: zigae

Sea letiuce

Sea letiucs
Sea letiuce

Knotted Wrack (Rockweed)

Bladder Wrack
Bladdar Wrack
Bladder Wrack

Kalp
Kelp

Reference

Martin & LeGrasley {this report)
Martin & LeGreslay {this report)
Martin & LeGresley {this report}
Martin & LeGresley {this report}
Martin & LeGresley (this report}
Mastin & LeGresley (this repost)
Martin & LeGreslay (this report)
Martin & LeGreslay (this report)
Marlin & LeGresley (this raport)
Marlin & LeGrestay (ihis raport)
Marlin & LoGresley (this report)
Martin & LeGresley (this repori)
Martin & LeGiresloy {this report)
Martin & LeGrasley {this report)
Martin & LeGrasley {this repori
Marlin & LeGrasloy {this repor!
Martin & LeGresley (this repori
Martin & LeGresley {this repon!
Martin & LeGresley (this repori
Martin & LeGreslay (this repor]
Martin & LeGreslay (this repo)
Marlin & LeGresiay {this report)
Marlin & LeGreslay (ihis report
Martin & LaGrasley (thie repert]
Martin & LeGresley (this repori]
Martin & LeGraslay (this repori]
Martin & LeGresley {this report
Martin & LaGraslay {this repor)
Marlin & LeGresley (this report)
Marlin & LeGresiey {this report
Martin & LeGresley (this repord]
Martin & LeCirasley (this repor)
Martin & LeGreslay (this report
Martin & LeGresley (this report)
Martin & LeGresley (this report)
Martin & LaGresfay (this report)
Martin & LeGresley (this report)
MacKay {1975)

Stovans {1997}

Stevens (1997)

Stevens (1897)

Stevans (1997)

Stavens (1997)

Stevens {1997)

Stevens (1997)

Stavans (1997)

Stevens (1897)

Stavens (1997}

Stevens (1897)

Stevens (1897)

Stavens (1997)

Stevens (1997)

Stevens {1997)

Stevens {1997}

MacKay {'75), Stevens (97)
Stevens (1997}

Stevens (1997}

Stavens (1997)

Stavens (1997)

Stevens (1997)

MacKay (1975)

Stevens (1997}

Stevens (1997)

Stevens (1997}

Stevens (1997

Stavens (1997

Thomas & Page (183), Stevens ('97)
Stavens {1897)

MacKay (75}, Stevens (97)
Mackay (175}, Sievens (97)
MacKay {'75), Stevans (97)
Stevans {1997}

Stevens (1997)

Stevens (15997)

UNBSJ BIOL 3173 {1994}

Stavens (1997)

Stavens (1937)

Thomas & Page ('83)

Stevans (1997)

Stevans (1997)

Stevens {1997)

Stevens {1997)

Stavens {1997)

Stevens {1997)

MacKay (1975)

UNBSJ BIOL 3173 (1694)

MacKay {'75), Stevans (87)
Stevens (1997)

Stevans (1997}

Slevens (1897)

Thomas & Page ('83}, Stavens (97}
MacKay ('75), Stevens (197}
Stavens (1997)

Stavens (1997)

Thomas & Page (83}, Stevens (97}
Stavens (1997}

Stevans (1997}

Stavens (1997)

Stevens (1967)

Stevens (1997)




Phi

Monocotyledonge
(Grasses)

Spermatophyta

Dicotyledonae

Porifera
{Sponges}

Nematoda
Platyheiminthes
Nemertina

Annalida
Polychaeta

Qligochaseta

Byrozoa

Glass/Family

Ahedophyta
Rhodophyta
Rhodophyta
Rhodophyta
Rhodophyta
Rhadophyta
Rhodophyta
Rhodophyta
Rhaodaphyta
Rhodephyta
Rhodophyta
Rhodophyta
Rhodophyta
Rhodophyta
Rhodephyta
Rhodophyta
Rhodaphyta
Rhodophyta
Ahodaphyta
RAhodophyta
Gramineas
Poaceae
Poaceas
Poaceae

Poaceas
Juncaceas
Juncaceas
Juncaceae
Cyperaceae
Cyperaceae
Cyperaceas
Cyperaceae

Poaceaa
Pinaceae
Pinaceae
Compositas
Betulaceae
Compositae
Empetraceas
Umbelliteras
Plantaginaceae
Rosaceae
Rublaceae
Compositae
Rosaceae
Ericaceas .
Ericaceae
Chenopediaceae
Chenopodiaceas
Chenopodiaceae
Caryophyllacoae
Primulacsae
Plumbaginaceae
Rosaceae
Ranunulaceas
Saxifragaceae

Halichondridae
Halichondridae
Haliclonidas
Haliclenidas

Uineidaa
Linsidae
Amgphiporidas
Tetrastemmatidas
Hirrudinea
Phyllodocidae
Sabsllidas
Spionidae
Nereidae
Nergidae
Nephtyidaa
Nephiyidae
Nephtyidae
Spionidae
Capitellidae
Tarebsllidze
Goniagidae
Lumbrinereitiae
Sternaspidae
Phylledocidae
Poiynoidae
Glyceridae
Orbiniidae
Sabellidas
Splonidas
Serpulidae
QOligechaeta
Tublificidae
Enchyirasidae
Flustrellidridae
Crisiliae
Electiidae

Speclos name

Garamium rubrum
Chondris erispus
Cysfocionium purpurascens
Corallina officinalis
Gigarting staflata
Devalsraea (Halosacchion) ramenlaceum
Dumontia incrassata (D. conforia}
Hildenbrandia prototypus (H. rubra}
Lithethamnion glacials
Mastocarpus stellafus

M. stolfalus "Palrocelis” stage
Peirocelis middandorf {M. sporoph.?)
Palmaria palmata
Phycodrys rubens
Phyllophora truncala
Phymatolithon lancrmandii
Plumaria elegans

Polyides rofundus
Polysiphonia lanosa
Polysiphonia urceolata
Parphyra umbilicus

Ftilota serrata

Rhodomela confarvoidos
Daschampsia flexuosa
Spartina alternifalia
Spartina patens

Spartina pectinata
Hordoum jubatum
Hierochloa ordatata
Juncus goraroi

Juncus fififormis

Triglochin masitima
Scripus americanus

Carex palasced

Carax mackenziol
Eleocharis halophila
Catula coronopifofia
AQropyror ropens

Piileum pratense

Abies balsamea

Picea glauca

Achilloa millafolium

Alnus crispa

Aster sp.

Empetrum nigrum
Ligusficum scothicum
Planiago masitima

Rosa carolina

Galium frifitlum

Solidago sempervirens
Spiraea fomegnicsa
Vaccinium macrocarpon
Vaccinium vitis-idasa
Suaeda marilima

Afriplex patula

Salocomia suropsa
Spergularia canadensis
Glaux marilima

Limonium rashii

Potentilla anserina
Ranunculus cymbalaria
Ribes sp.

Halichondtia bowerbanki
Halichondria panicea
Haliclona leosanoffi
Haliclona oculata
Unknown

Dalysfioida sp.
Lineus bicolor

Lineus ruber
Amphiparus oraceus
Telrastomma canidum
Unknowr:

Etaone longa

Fabricia sabelia
Sirsblospio benadiciti
Narais diversicolor
Nerois virens
Nephthys incisa
Nephthys picata
Agiacphamus nectena
FPygospio elagans
Capilella capitala
Polycirrus sp.
Gonlada macukita
Ninoe nigripes
Sternaspis scutala
Eulalia viridis
Harmothog imbricata
Glycera dibranchiata
Naineris quadricuspioa
Polamilia réniformis
Scolecolopidas viridis
Spirobis borealis
Unknown

Poloscalex benadini
Enchytrasus albidus
Flustreilidra hispida
Unknown (Crisia?) sp.
Electra pilosa
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FAUNA

Common Name
lrish moss

Freathery Pink Coralline algae
Agar Weed

Dulse
Pink Encrusting Corafline afgae

Epihpylic rad algae

Wavy hairgrass

Salt mersh cord grass
Salt marsh (meadow) hay
Slough grass

Foxtait barley
Indianfvaniliaisweat grass
Black grass

Thread Rush

Arrow grass

Buirush

Sedge

MacKenzie's sedgs
Saltmarsh spike-rush
Brass butions
Quackgrass

Timothy

Balsam Fir

White Spruce

Yarrow, Milfoil

Downy Alder

Aster

Black Crowbaerry

Scoich Lovage

Seaside Plantain

Rose

Three-petalled bedsiraw
Seaside Goldenrod
Steepiabush

Large Granberry
Mountain cranberry
Atlantic sea blite
Comman oracha
Glasswort, Samphire
Sand Spurey

Sea milkwort

Sea lavender
Silverweed

Seaside buttercup (Crowioot)
Gooseberry

Baot Jaca warm
Bool face worm
Boot lace worm

Brislle worm
Bristla worm

Clam worm
Clam {sand} worm
Bristie worm

Bristle worm
Bristle worm

Brislle worm

Aquatic Earlhworm
Aqualis Earthworm
Inlertidal Byrozoan

Reference

Thomas & Page {'83), Stevans {'87)
Thomas & Page ('B3), Stevens ('67)
UNBSJ BIOL 3173 (19584)

Thomas & Page ['83), Stevens {'47)
MacKay {1875)

Thomas & Page ['83), Stevens (87)
Stevens (1997}

MacKay 75}, Stavans (97)
MagKay ['75), Stavens {97)
Stevens (1897)

Stavens {1997}

Thomas & Page ('83), Stavens ('97)
Stevens (1997}

Stevens {1997)

Stevens {1897)

Thomas & Page {'83), Slavens {47}
Stevens {1997}

Stevens {1897} -

MacKay ('75), Stavens (87)
Stavens {1897)

Thorras & Page {'83), Stevens {97)
Stevens {1897}

Stevens {1997)

Stevens (1997), Hinds {1939)
Sievens (1937), Hinds (1999)
Stevens (1987), Hinds {1999)
Stevens {1997)

Stevens (1997)

Hinds {199%)

Stevens (1987}, Hinds (1999)
Stevens {1997}, Hinds {1999)
Stevens {1987}, Hinds {1999)
Stevens {1897)

Stavens {1897)

Hinds (199%)

Hinds {1999}

Stevens (1497)

Stevans (1697)

Slevens {1997), Hinds (1959)
Stevens {1997}, Hinds (1999)
Stevens {1897}, Hinds (1999
Stevans {1897}, Hinds (1999
Stevens (1897)

Slavens {1997}, Hinds (1989)
Stevans {1897}, Hinds (1999)
Savans (1997, Hinds (1999)
Stevans {1997}, Hinds (1999)
Stevens (1597)

Hinds (1999)

Stevens {1997}, Hinds (1999)
Stevens (1857)

Stavens {1897}, Hinds {1989)
UMBSJ BIOL 3173 {'94), Hinds ('99)
Sievens {1087, Hinds {1989)
Siavens {1997}, Hinds {1939)
Stevens (1997)

Stevens (1997)

Stevens {1997), Hinds {1989}
Stevens {1897)

Stevens (1997)

Slevens {1997), Hinds {1969)
UNBS. BIOL 3173 (1994)

Stevens {1997)

Stevens {1897}

Stevens {1997}

Stevens {1997}

Gratte {1286}

Stevens {1997}

Gratto (86), Stevens (97)
Stavens {1997}

Stevens {1097}

Stevens QQQ’?}

Gralto (1986)

Gratto ('88), Stevens (197}
Gratto (1966)

Giratio (1986)

Gratlo ('85), Stevens (97}
Gratio (BE), Stevens (97}
Wildish (1983}

Stevans (1987)

Gratto (1988)

Gratto {1988)

MacKay {75), Stevens (87)
MacKay (1975)

Wildlsh {1983)

Wildish (1983)

Wildish (1983)

Stevans (1997)

Stevens {1997}

Stevens (1997)

Stevans (1997)

Stevens (1997)

Stevens (1997)

Stevens (1537)

Gratto {1986}

Gratto {1986)

Stevans {1897)

MacKay ('75), Stevens (97)
Stavens {1897}

Stevens {1897}



Phylum
Cnidaria

Ctenophora
Crustacea

Insatta

Gastropoda

Bivaivia

Chaetognathe
Echinodarmata

Homicordata
Urochordata

FISHES

E

Class/Family
Fiugtridaa
Actinidaa
Matridiidae
Actinidae
Ulmaridaa
Sertularidas
Plumulasidae
Pleurobrachiidae
Crustacean
Copepoda
Copspoda
Copsepoda
Cumacea
Cumnacea
Isopoda
[sapoda
lscpoda
Amphipoda
Armphipoda
Amphipoda
Amphipoda
Amphipoda
Amphipoda
Amphipoda
Amphipoda
Amphipeda
Amphipoda
Amphipoda
Amphipoda
Girrlpedia
Clrripadia
Girripedia
Decapoda
Decapoda
Decapoda
Mysidacea
Arachnida
Arachnida
Diptera
Diptera
Diptera
Hemiplera
Hydrobiidae
Lacunidae
Lillorinidate
Litlorinidas
Litarinidas
Muricidae
Acmaeidae
Nassariidae
Naficklae
Buccinidas
Trochidae
Aeolidiidae
Dendrenotidas
Lamellidorididae
Lamellidorididae
Sekensopsidae
Paelecypoda
Petecypoda
Pefecypoda
Pelecypoda
Pelecypoda
Pelecypoda
Pelecypoda

Polyplacophora
Polyplacophora
Chaetognatha
Asteroidea
Asteridea’.
Asterpidea
Echincidea’
Ophiurcidea:
Holothuroldea
Holothuroidea
Enforopreusta
Ascidizces
Ascidiacea
Cyclopteridae
Clupeidae
Clupeidae
Clupeidaa
Clupeidaa
Salmenidae
Osmeridae
Angullidas
Cyprinodaontidae
Cyprinodontidae
Gadidaa
Gadidaa
Gadidas
Pleuronactidas
Pleuronactidas
Pleuronectidae
Atherinidag
Gastereosteldae
(Gastereosteidas
Coltidas
Coitidae

Spocies name
Flustra foliaceas
Bunodacls stella
Matridium senile
Tealia felina

Aurefia aurita (ephyra)
Santularia pumilla
Schizelricha tenalia
Plaurobranchia pitaus
Zoea larvae
Harpacticiod

. Catanoid

Argulus sp.
Oxyurostylis smithi
Loptocuma minor

Jaera marina

Kfotea phosphorea
Chiridotea coeca
Ampithoe rubricaia
Erichihonius rubricornis
Hyalo nifssoni
Leptacherius pinguis
Corophium volutator
Gammarus lavrencianus
Gammarus angulosus
Gammarus homari
Gammarus mucronaius
Qrchastia gammarelia
Qrehaslia grifius
Gammarus oceanicus
Semibalanus balanoidas
Balanus crenalus
Balanus improvisus
Crangon septemspinosa
Carginus maenas
Homarus americanus
Mysis stenclepis

- Pentansura philippi

Halacarus sp.

Tabanidae pupae and larvae
Tipulidae larvae
Chiranomidae pupae and farvae
Carixidae

Hydrobia minuta (M. totteni}
Lacuna vincta

Littorina littorea

Littorina oblusata

Littarina saxatilis

Mucalla (Thias} lapillus
Colisella {Acmaea) tosiudinafis
Nassarius trivittaius
Lunatia heros :
Bucclnum undafum
Margariles groeniandica
Asolidia papillosa
Dendronofus frondosus
Adalaria proxima
Onchidorus aspersa
Skeneopsis pfanorbis
Macoma balthica

Nucirla delpdinadonia

Mya arenaria

Myfilus edulis

Modiolus modiolus
Musculus discors

Hiatella arctica

Anomia simplex
Placopectin magelianicus
Ischnochilon ruber
Tonicella marmorea
Sagitta sp.

Asterias vulgaris

Astarias forbesi
Leptastarias littoralis
Sirongylocentrotus draebachisnsis
Cphiopholis aculoata
Psolus fabricii

Cucumaria frondosa
Saccoglossus kowalewskyi
Ascidia caliosa

Mogula citiina

Cyciopterus lumpus
Clupsa harengus

Alosa aestivalls

Alosa pseutoharengus
Alosa sapidissima
Salvelinus fontinalis
Osmerus mordax

Angullia rostrata

Fundulus heterociitus

F. diaphanus

Microgadus tomeod
Pollachius virens
Urophycis chuss

Lirnanda ferrunginea
FPsevdopleuronactes americanius
Liopsafia putnami

Manidia menidiz

Pungitius pungitius
Gasterosteus aculeatus
Myoxocaphalus scorpius
Hemitriptarus americanus
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Common Nama

Green (Gem) anemone
Plumose Anamona
Dahlia Anemone
Jellyfish

Comb-elly

Cumacaan Shrimp
Cumacaan Shrimp
Isopod
Isopod
Isopod

Beach-flea
Beach-flaa

Bamacle
Barnacle
Barnacle

Sand Shriing
Gresn Crab
Amarlican Lobster
Mysid shrimp

Mia

Insect larvae
Insect larvae
insact larvae

Chink shall
Common Periwinkle
Smocth Periwinkie
Rough Perimwnlde
Attantic Dog Whelk

Tortise-shelt (Ati. plate) Limpet

New Engiand dog whalk
Gommoa Nov. Moon-sliall
Waved or Edible Whelk
Green Margarite
Paplllese Eolis

Frond Eolis

Littte Macoma

Nut shelt
Soit-shelted Clam
Blue/Edibla Mussel
Rad/Horse mussel
Discordani Mussel
Arctic Saxicave
Smooth Jingle Shell
Glant Sea Scallop
Northem Red Chitan
Mottiad Red Chiton
Arcow Worm
Purple starlish
Intertidal Starfish

Green Sea Urchin
Daisy Britllastar

Sole-Footed sea cucumber
Large Northern sea cucumber

Acorn Worm
Tunicate
Tunicate
Lurmpfish
Herring
Biueback kerring
Gasperoau
Shad

Brock trout

Smelt

Eal

Mummichog

Banded killifish
Tomecod

Pollock

Squirrel hake

Yellowtail icunder
Winter flounder

Smooth flounder
Silverside

Nine-spinad stickleback
Three-spined stickleback
Seulpin

Sea ravan

Rafarence

Stavens {1997)

MacKay (1975)

Stevens (1997)

Stevens (1997)

Stevens {1997}

Stevens (1997}

Stevens (1967)

Stevens (1957)

Giratto (1985)

Gratto {1986)

Gratto (1986)

Gratlo (1986)

Gratto (1886}

Gratto (1886} -

Gratto {'86), Stevens {97)
Wildish (1983)

Stavens (1997)

Stevens (1987)

UNBSJ BIOL 3173 {1884)
Gratto {1986}

Wildish {1983}

Graflo (1988)

Grabto {(1986)

Stevens (1997)

Stevens (1997}

Gratio (1988)

Stevens {1997}

Stevens {1597)

Giratto ('86), Stavens {97)
Thomas & Pags {'83), Stavens (97}
MacKay {75}, Stevens (97}
MacKay (1975}

Gratto {(1986) - :

Gratto (86}, Stevens (97)
Mackay (1975)

Gratto (1986)

Stavens (1997)

Stavens (1987)

Gratio {1986)

" QGratio (1986)

Gratto {19886)
Gratio (1986)
Gratlo ("85}, Stevens ('87)

- Thomas & Page ('83), Stavens ('97)

Gratto (86), Stevens {57)

MacKay ('75), Stevens (197)
MacKay {'75), Stavens (87}
Thomas & Page {'83), Stevens ('97)
Thomas & Page {'83), Stevens (97}
Wildish {'83), Stevens (87

Wildish (83}

Slevens (1997)

Stevans (1997)

Stevens (1997
Stavens (1997)
Stevens (1997
Stevens (1997)
Stavens {1997)
Gratto ('86), Stevens (97)
Wildigh {183}
Gratlo ('86), Stevens (97)
MacKay ('75), Stevens (97)
Stevens (1997
Stevens (1997}
Stevens {1997]
Stavens {1997
MacKay (1975)

Stevens {1997)

Stevens {1997)

Gratto (1986} :

Singh (per. obs.}, Stevens ('97)
Singh (per. obs.}, Stevens (97)

" Stevens (1997)

Stevans (1997)

Stevens (1997)

Singh (per. obs.), Stevens (97}
Stevens {1997)

MacKay (75), Stevens (97}
Stevens {1997}

Stavens 9997)

Gratto (1986) - -
Gratto {1988) -
Gratto {1985
Gretto (1986
Gratto {1986,
Gratto {1986
Gratto {1986
Gratio (19886,
Gratio ('86), Stevens (97)
Gratto {1985}
Gratlo (1986}
Gratto ('86), Stevens ('97)
Gratio (1986
Gratto (1985
Gratto (1986
Gratto (1986
Graito (1986)

Gratto (1986)

Gratlo {'86), Stevens (197)
Gratto (86), Stevens {'97)
Gratto [1986)




Phy

BIRDS
*=0bs, in 1999

Class/Famlly
Zoarcidae
Phalidae "~
Scolopacidae
Scolopacidae
Scolopacidae
Scolopacidae
Scolopacidae
Seolopacidae
Scolopacidae
Scolopacidas
Fringiidas
Ardeidae -
Anatinae
Rallidae
Corvidae
Falconinae
Parulidae
Turdidas
Anatinas
Scolopacidas
Sterninas
Alcidae
Scolopacidas
Buteoninae
ltercidae
Hirundinidae
Hirundinidas
Strigidas/Tytonidae
Parufigas
Alcedinidae
Parulidae
Alcidae
Sterninas
Picidae
Cuculidas
Parylidas
Paridae
Aredidae
Larinae
Pariidae
Parulidae
Parulidas
Corvidas
Anatinae
Icteridae
Larinae
Paridae
Anserinae
Buteoninaa
Certhiidas
lercidas
Scolopacidae
Aythyinae
Ansarinae
Parutidae
Parulidae
Sterninae
Ardeidae
Bombycillidae
Parulidas
Fringillidae
Hirundinidae
Larinae
Aythyinas
Aythyinae
lteridag
Gaviidae
Merginae
Rallidaa
Alcidae
Caprimulgidas
Convidas
Fringillidae
Seclopacidae
Stemninae
Parufidae
Fringillidae
Phalacrocoracidae
Alcidae
Picidae
Scolopacidae
Tyrannidas
Tyrannidae
Ictaridas
Tyrannidas
Sturnidaa
Fringilidas
Fringillidae
Anatinag
Larinae
Syividae
Mimidae
Corvidae
Turdidae
Larinas
Ardeidas
Phalacrocoracidas
Tyrannidae
Ardeidaa
StrigidzelTryonidas
Aythyinga
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Specles name

Macrozoarces ameticanus -
Pholis gqunnellus

Squatarola squataraia
Totanus melanoleuca

Erolia minutitia

Crocethia alba

Charadris hiaticula semipalmalus
Ergunetes pusifius
Litnnodromus grissus
Catopirophorus semipalmalus
Spizella arborea arborea

- Botaurus fentiginosus

Anas rubripas

Fulica americana

Corvus brachyrhynchos?
Falco sparverius
Satophaga ruticila
Turdus migraiorius
Maraca americana
Philohela minor

Sterna paradisasa
Fratercula arctica arctica
Erofia bairdif

Halioasfus feucocephalus
Ictarus galbula

Rlpafla niparia npana
Hirundo rustica erifhrogaster

" Strix varia

Dendroica castanea
Megaceryie alcyon aleyon
Mniotilla varia
Capphus grylle
Chlidonias nigra surinamernsis
Picoides areticus
Coveyzus erthrophthalmus
Dendroica fusca
Parus alricapillus
Nycticorax riycticorax haactli
HAissa tridactyla tridactyla
Dendroica striata
Dendroica coerulescens
Dendroica virens
Cyanocitia cristata
Anas discors
Dolichonyx oryzivorus
Larus philadeiphia
Parus hudsonicus
Branta bemicla
Butao plalyplarus plaiypterus
Cerihia farniliaris
Molothrus aler ater
Tryngiles subruficoliis
Giaucionetia albeola
Branla canadansis
Wilsonia canadensis
Dendroica tigrina
Hydroprogne caspia
Bubuleus ibis
Bornbycilla cedrerum
Dendroica pansylvanica
Spizella passerina passerina
Petrochelidon pyrhonolo albifrons
Larus ridibundus ridibundus
Somateria mollissima
Glaucionetia clangula amencana?
Quiscalis quisowla
G‘awa immer

uS merganser americanus

nuIa chloropus

. Una aagle aagle

Chordeiles mifior

Corvus corax

Acanthis flammea

Capella gallinago

Sterna hirundo hirundo
Goothlypis trichas?

Junco hysmalis
Phalacrocorax aurifus
Flaulus alle alle
Dendrocopus borealis
Erolia alpina arclica
Coniopus virens
Tyrannus tyrannus
Slumella neglecta
Sayomnis phoebe

Sturnus vulgaris vulgaris?
Hesperiphona vesperina
Passarella illiaca ifiaca
Anas strepera

Larus hyparboreus hyperboreus
Regulus safrapa salrapa
Dumelella carolinensis?
Parisoreus canadensis?
Hylocichia uslulata

Larus marinus

Ardea harodias
Phalacrocorax carbo carbo?

© Myiarchus erinius

Casmerodius albus
Bubo virginianus
Aythya marifa nearctica

Commaun Name
Wrymouth

Rock gunnel
*Black-bellied plover
*Greater yellowlegs
"Least sandpiper
Sandezling
“Semipalmated plaver
*Samipalmated sandpipar
*Shert-billed dowitcher
Willet

*Amaerican {Eastemn?) Trae Sparraw

*American Bittern

“American Black Duck

American Coot (Cool?)

*American Crow

American Kestrel

*American Redstart

*American Bobin

*American Widgecn (Ealdpate?}

*American Woodcock

Arctic Tern

Atlantic Puffin

Baird's Sandpiper

“Bald aagls

Baltimora Criole

“Bank Swallow

“Bamn Swallow

*Barrad Owl

Bay-breasted Warbler

“Belted Kingfishar

*Black & White Warbler

*Black Guillemot

Black Tern

Black-backed Woodpecker

Black-billed Cuckoo

Black-burrian Warbjsr

*Black-capped Chickades

Blask-crowned Migh! Heron

Black-legged Kittiwake

Blackpoll Warbler

Black-thr, Bkie Warbler

*Black-thr, Green Warbler

“Blue Jay

*Blue-winged Teal

*Bobolink

*Bonaparte's Gull

*Boreal Chickadee

Brant

*Broad-winged Hawk

Brown Creeper

*Brown-headed {Eastern?) Cowbird

*Butf-breastad Sandpiper

Buffiec-head

*Canada Goose

*Canada Warbler

*Cupe May Warbler

Caspian Tern

Catile Egrat

*Codar Waxwing

*Chestut-sided Warbler

*({Eastarn?) Chipping Sparrow

*(Northern} Clilf Swallow

Co. Black-headed Gull

*Common Eider

*Common {American?} Golden-aye

*Gommon Grackle

*Commoen Loen

*(American?) Common Merganser

Common Moorhen

Commen Murre

*Gommon Nighthawk

*Common Raven

*Common Redpoll

Comman Snipa

*Common Tem

*Common Yelowlhroat

*Dark-ayad (Northarn) Juncoe

*Double-crested Gormorant

Dovekie

*Downy Woodpecker

Dunlin

*E. Wood Fewae

*Eastern Kingbird

Eastarn Meadowlark
*Easiern Phoeba

*European Slarling

*Evening (Eastern?) Grosbeak

*{Eastern?) Fox Sparrow

Gadwalt

Glaucous Gull
*Golden-crowned Kinglet

*Gray Gathird :

'(Canada?) Gray Jay

Gray-cheeked Thrush
*Greal Black-backed Gull
‘Great Bire Heron -

*Great Cormorant

Great Crested Flycatcher

Great Egret

*Groat Horned Owl

*Greater Scaup

. Daichmann('89

- Daichmann{'39

- “Breichmann('89

- Peichmann('89

- Peichmann{'a9;

- Daichmann('99)

Reference
Gratlo (1986)
Stavaens [1997)
Gratlo (1986), Deichmann{99)
Gratto (1986, Daichmanin{'93)
Gratlo (1986), Daichmann{99)
Gratio (1986)

Grafto (1986), Deichmann{'9g)
Gratto (1986), Deichmann{'93)
(Gratto (1986), Deichmann{'99)
Gratto (1386)
Daichmann('99;
Deichmann(99
Deichmann('99

{eichmann('99
Daichmann('99
Deichmann('99
Deichmann('99
Daichmann('99;
Deichmann('99
Daichmann(99
Deaichmann('99,
Deichmann('99
Deichmann('99
Daichmann('99
Daichmann('89
Daichmann{'99
Deichmann(99
Deichmann{99
Deichmann{'99

Daichmann('99
Delchmann('99
Ceichmann('99}
Daichmann('99}
Belchmann('89)
Eeichmann('89)
Deichmann(99
Daichmann(’99
Beichmann('99
Deichmann{'g9
Caichmann(99
Deichmann('99
Beichmann('89
Daichmann('89!
Deichmann('89
Deichmann('99
Beichmann('99
Beichmann('89
Beichmann('99
Deichmann('99
Ereichmann('99
Daichmann('99
Deichmann('99
Delchmann('99
Breichmann('99
Baichmann('99
Deichmann(99
Deichmann{'99
Deichmann('89,
Deichmann('99!
Beichmann{'g9
Deichmann{'g9
Deichmann{'99,
Beichmann('39
Daichmann{'99!
Deichmann{'99
Daichmann{'39’
Beichmann('99!
Braichmann('99,
Daichmann('89
Daichmann{'99
Deichmann('99

Reichmann('89
Beichmann('88
Deichmann{'89
BDeichmann{'89,
Daichmann('99,

Delchmann('99

Baichmann('99
Deichmann('99
Deichmann('99
Daichmann('99

Daichmann('99

Deichmann('99
Daichmann('99
Deichmann('99
Daichmann('99
Daichmann('99,
Deichrmann('99
Daichmann('98
Daichmann('99)
Deichmann('99}
Daichmann('99}
Deichmann('99}
Deichmann('99}
Deichmann('99}




Phyfum

Clasa/Famlly
Procailariidas
Ardeidae
Anatinae
Falconinaa
Picidae
Aythyinae
Turdidae
Larinae
Fringillidas
Marginaa
Colymbidas
Alaudidas
Fringillidaa
Ploceldas
Seolopaskiae
Larinae
Fringillidae
Charadriidae
Aythyinaa
Fringillidaa
Larinae
Hydrobatidae
Tyrannidae
Larinae
Scolopasidas
Aythyinae
Scolopacidaa
Fringillidas
Larinae
Strigidaa/Tytonidae
Anglinas-.
Parufidas
Tryglodytidae
Falconinas
Columbidae
Panlidas
Parulidae
Fringillidas
Fringilidas
Parulidaa
Sirigidas/Tytonidas
Picidae
Antinae
Picidae
Procellariidae
Sulidas
Accigitrinas
Clrcinas
Birigidae/Tytonidae
Anatinze
Laniidas
Parulidae
Aythyinae
Tyzannidae
Pandicnidae
Parulidaa
Parulidae
Scolopacidae
Falconlnaa
Colymbidae
Picidae
Fringillidze
Fringilidzs
Charadriidaa
Fringillidas
Scolopacidae
Alcidae
Fringillidae
Scolopacidae
Phalaropodidae
Merginae
Gittidaa .
Vireonidae
Picidaa
Phalarepodidae -
Buteoninae
Gaviidaa
ltaridaa
Larinaa
Aythyinae
Columbidae
Steminae
Fringillidae
Buteoninaa
Sylviidae
Trochilidas
Erismaturinae
Charadriidae
Teifraonidas
Fringilidae
Icteridag
Frirgillidae
Thraupidaa
Tryglodyiidae
Aceipitrinae ’
Sirigidaa/Tytonidas
Fringillidae
Angerinas .
Ardgidan
Stigidae'Tylonidae
Sealopacidae

Speties name

Fuffinus therminieri

Burtorides virgscans virescens?

Anas carolinensis

Falee rusticolus obssietus

Dandrocopus villasus

Mistrionicus histrionicus

Hylocichla gutiata faxoni

Larus argentalus

fcagggjsd homamgnff exilipes
frel s cuculiaius

Colymbus auritus

Eramoghilia alpestris

Carpodacus mexivanus

Passer domesticus domosticus

Limosa hoemastica

Larus lsucopterus

Passerina cyansa

Charadrius vociferus vociferus

Somatena spectabilis

Calcarius lapponicus lappomicus

Larus alricilla

Ceeancdroma leucorhicd leucarhoa

Empidonax minimus

Larus fuscus

Pluvialis g_om.fmca

Ayihya afiinis

fc)ad anus flavipes

Mslospiza I.'noafnh fincoinii

Lars minutus

Agio ofus wilsonianus

Anas platyrhynchos platyrhynchos

Dendroica magnolia

Clstothorus platansis stafiaris?

Falco columbarius

Zenaidura macroura

Oporonis phitadsiphia
‘ernivora ruficapiia ruficapilfa

Ammospiza cawdacuta nelsoni

Richmondena cardiankis

Parula arnericana

Aegualius acadica acadica

Ficoidas fricfactylus bacatus

Spaiula clypeata

Colapies auralus luteus

Fuimarus glacialis

Morus bassanus .

Accipifer geniilis atricapilius?

Circus cyaneus fudsonius

Surnia ulula caparoch

Anas acuia kzilzihoa?

Lanius excubitor borealis

Selurus noveboracensis noveboracensis

Llangula hyernalis

Nuftalioris borealis

Pnadfion halioatus carolinensis

Seiurus aurocapiius

Dendroiva palmarum

Erolia mefanotos

Falco peregrinus

FPodilymbus podiceps podiceps

Hylatomus pifeaius

Finicola enuclaaler leucura

Spinus pinus pinus

Charadrius melodus

Carpodacus purpureus puipuraus

Erolia maritima

Alea torda torfa?

Loxia curvirostrg -

Calittris canutus fufus

Phalaropus fulicarius

Margus serrator

Sifla canadensis

Vireo olivaceus

Colymbus grisegena hofbolii?

Lobipes iobatus

Butao jamaicansia

Gavia stallata

Agelaius phoeniceus?

Larus delawarensis

Ayihya coflaris

Columba livia

Starna dougallii dougallii

Pheucticus ludoviclanus

Buleo lagopus 8, johannis

- Regulus calendula calendula

Archifochus colubris
Erlsmafura Jamalcensie rubida

- Aranaria interpras morinelia

Py ythrophipal

"ipilo erythrophthalmus
Euphagus carolinus
Passerculus sandwichensis
Piranga ofivacea
Trogiodytes aedon?
Accipiter straitus velox
Asio flammous flammeus
Plactrophenax nivalis nivalis
Chen hyparborea

Laucophoyx thula thula
Nyelea scandiaca

Tringa solitaria solitaria
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GCommon Name

Greater Shearvwater
Grean-backed Haren
*Grean-winged Teal
*Gyrfalcon

“Hairy Weodpacker
Harfequin Duck

*[Eastem) Hermit Thrush
*Harring Gull

Hoary Redpolt

*Hooded Merganser
Homed Greba

*Homed Lark

House Finch

Housa (English} Sparrow
Hudsonian Godwit
“lealang Gull

Indigo Bunting

*Kilkigar

King Tider

Lapiand Longspur
“Eanghing Gut

Laach's Storm Pelret
*Least Flycaicher

Lesser Black-backed Gull

{Amarican?) Lesser Golden Plover

Lesser Scaup

i easar Yellowlegs

*Lincoln's Sparcow

Liftte Guif

Long-earad Owl

“Mallard

*Magnolia Warbler

{Short-billed?} Marsh Wren .

*Mertin

*Mouming Dove
“‘Mourning Warbler

*Nashville Warbfer
*Nelson's Sharp-tailed Sparrow

Nor. Cardinal .

*Nor. Parula (Warbl er)

Nor. Saw-whet Owl

Nor. Three-toad Woodpecker

Northen Shoveiler

“Northarn Flicker

Northesm Fulmar

“Northem Gannel

*Northem Gloshawk

“Northara Harrier

Norhern Hawk Owt

“Northern Pintall

Noriharn Shiike

*Northem Waterlbrush

Oldsguaw

Qlive-sided Flycatcher
*Qsproy

*Qven-hird

*Paim Warbler

Pactoral Sandpiper

*Poregrine Faleon

*Piad-villed Grebe

Pileated Woodpecker

“(Canadian?) Pine Grosbeak

“Plne Slskin .

“Piping Plover

*Purple Finch -

*Purgte Sandpiper

Razorbill (Razor-biled Auk?)

Red Crosshill

Red Knot

Red Phalarope

*Red-braasted Merganser

*Red-breastad Nuthatch
*Red-ayed Vireo
Red-necked Grebe
Red-necked Phalarops {Northem}

*Red-taifed Hawk

*Red-throated Loen

*Red-winged Blackbird -

*Ring-billed Gull

*Ring-necked Duck

*Rock Dova or Bomestic Pigeon

Hoseate Tem

*Rose-breastad Grosbaak

*Hough-legged Hawk

*Ruby-crowned Kinglet
*Ruby-throated Hummingbird -
Ruddy Buck

Ruddy Turnstone

*Auffled Grouse
Rufous-sided Towhes
*Rusty Blackbird
*Bavannah Sparow
Scarlet Tanager

Sedge {(House?) Wren
*Sharp-shinned Hawk
Short-eared Owl

*Snow Bunting:

Snow Goose

Snowy Egret

Snowy Owl

Solitary Sandpiper

Refarance

Deichmann{49)
Deishmarn{93)
Deichmann('93)
Deichmann('93}
Deichmann('99}
Daichmann('99}
Deichmann{'99)
Daichmann{'99)
Deichmann('98)
Bolchmann('98)
Daichemann('98)
Beichmann('99)
Deichmann{'g9)
Deichmann{'g9}
Deichmann{'g9)
Deichmann{'g9)
Deichmann{'98)
Deichmann("99)
Deichmann('99
Deichmann('99
Delchmann('99,
Daichmann{'98,
Daichmann('99!
Delchmann{'9%
Deichmann('98
Deichimann('98
Daichmann('99
Deichmann('89
Daichmann{'99
Delchmann{'99)
Deichmann{'99)
Deichmann{'99,
Deichmann('99
Deichrmann('99
Deichmann('99
Delchmann{'99
Deichmann{'99,
Dalchmann{'99)
Daeichmann('9g)
Deichmann{'93)
Deichmann('99)
Daichmann('69}
Deichmann{'99)
Deichmann{'39)
Daichmann{'99)
Deichmann{'99)
Dejfchmann{99
Deichmann('9g
Deichmann('99
Deichmann(’99
Deichmann(99
Daichmann({'99
Deichmann{"99
Deichmann{'99
Daichmann('99!
Delchmann('99
Beichmann('sg
Deichmann('63)
Deichmann('89)
Deichmann{'69}
Dsichmann{'g9)
Deichmann{'9)
Deichmann{'39)
Delchmann('99)
Deichmann('9%
Deichmann('98
Deichmann('89
Deichmann('99
Deichmann('99
Deichmann('99!
Delchmann{'9g
Delchmann('9g!
Daichmann('99’
Deichmann('9g
Deichmann('94)
Deichmann('99}
Deickmann('9g
Deichmann{'69
Deichmann{'99
Deichmann{'99
Deichmann{39
Deichmann{'¢9)
Deichmann{'99
Daichmann{'¢9
Daichmann{'g9
Daichmarnn{’99
Deichmann{'99)
Deichmann{*49)
Daichmann{'39)
Daichmann({*99)
Reichmann{99)
Deichmann{99)
Daichmana{'39)
Deichmann('99)
Deichmanrn{'99)
Daichmann{'99)
Deichmann('99)
Deichmann('99)
Deichmann{'99)
Delchmana{'99)
Deichmann('99)




Bhy

Mammals

Class/Family
Viregnidae
Fringilidae
Rallidae
Beolopacidae
Tetraonidas
Scolopacidas
Aythyinas
Turdidag
Fringillidag
Parulidae
Alcidae
Hirundinidag
Catharidae
Scolopacidae
Turdidae
Fringillidae
Rallidas
Motacillidae
Scolopacidas
Seolopacidaa
Fringlllidas
Scolopacidae
Fringillidas
Fringillidaa
Phalaropodidae
Parulidas
Aythyinae
Sieminaa
Anatinae
Rallidae
Parulidae
Tyrannidae
Parulidas
Phocid
Cenvidae
Lenoridas
Zrathizontidaa
Saluridae
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Specles name

Virec solitarius

Meilospiza melodia

Porzana carolina

Aglilis macularia

Canachites canadensis
Micropalama himaniopus
Malanitta perspicillala

Catharus gutlatus

Melospiza gaorgiana

Vermivora persgrina

Alca torda forda?

Iridoprocne biceior

Cathartes awra

Bartramia longicauda
Hylocichia fuscescens .
Pooeceles gramineus gramineus
Rallus limicola limicola

Anthus spinolalla rubescens?
Ereunsfes mauri

Numenius arquata arguata
Zonolrichiza laucophyrs

Erolia fuscicollis

Zanolrichia albicollis

Loxia lpucoplera leucoplera
Staganopus fricolor

Wilsoniza pusilia pusitla
Molanitia fusca deglandi
Troglodytes froglodyles

Aix sponsa .
Colurnicops noveboracensis noveboracensis
Dendroica pelechia

Empidonax faviveniris
Dendroica coronala

Phoca vilulina

Odoeoileus virginianus leucurus
Lapus americanus

Erethizon dorsatum
Tamiasciurus hudsonicus

Common Name
*Solitary {Blue-Headed?) Vireo
*Song Spariow
*Sora

*Spotted Sandpipaer
*Spruce Grouse
*Stit Sardpiper
*Surf Scoter
*Swainsory's Thrush
“Swamp Sparrow
“Tennessas Warbler
Thick-billad Murre
“Tree Swallow
Turkey Vulture
Upland Sandpiper

esry
(Eastem?) Vesper Sparrow
Virgina Rail
“Water (American?) Pipit
Westlern Sandpiper
Whimbrei
White-crowned Sparrow
White-rumped Samdpiper
“White-throated Sparrow
“White-wingad Crossbi#!
Witson's Phalarope
"Wilsan's Warbler
*(White?)-Winged Scoter
“Winter Wren
*Wood Duck
Yellow Ral
“Yollow Warbler
“Yellow-bellied Flycatcher
*Yellow-rumped Warbler
Harbour Seals
White-tailed Deer
Snowshow Hare
Porcupine
Red Squirrels
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